Light is an important environmental variable for the regulation and control of broiler behavior. Some light sources may also add heat to the rearing environment, and indirectly affect the heat exchange between the birds and the environment. This study aimed at investigation the surface temperature and behavioral response of broilers reared in an environment with monochromatic light emitted diode (LED). Broilers were reared inside commercial dark houses under two treatments: fluorescent or LED light sources. Bird surface temperature and behavior was monitoredfrom the first day of grow-out. The houses were virtually divided in four quadrants, and the variables were monitored in the geometric center of each quadrant. Surface temperature results were mapped, behavioral responses were divided as normal and abnormal, and their interaction with light source was tested. Broiler surface temperature in both houses presented lack of homogeneity, independently of the light source. No effect of the light source on any of the evaluated behavior was found in the present study. The long life and energy savings obtained with the LED light source suggest its use in broiler production.
INTRODUCTION
Broiler production has greatly developed in recent decades due to technological innovations in genetics, nutrition, and rearing environment. Ambient temperature influences broiler performance particularly during the last week of the rearing period. Exposure to heat stress reducesfeed intake, consequently impairing broiler performance (Abeyesinghe et al., 2001; Tao & Xin, 2003; Shinder et al., 2007; Amaral et al., 2011) .
Amongst the strategies to prevent productivity losses due to heat stress, lighting controlhas been successfully applied. Broilers exposed to low light (< 5 lx) produce less sensible heat in the fourth and fifth weeks of the rearing period (Lin et al., 2006) . Broiler welfare is affected by the light management in the rearing environment. Literature has shown that high light intensity in poultry houses induces motor activity and possible exhaustion of birds beyond the onset of locomotion abnormalities (Prayitno et al., 1997; Bessei, 2006) . In a literature review, Olanrewaju et al. (2006) reported increased broiler activity in brighter rearing environments (6 to 12 lx) vs.darker (0.5 lx) areas. The authors state that most modern lighting programs begin with a high light intensity (~20 lx) that is decreased to around 5 lx by 14 to 21 days; and then maintained at 5 lx or less for the remainder of the grow-out period.
Preference studies using several lighting intensities have shown that broilers exhibit a preference for light intensity by six week of age. Young chicks (1 to 28 d of age) preferred brighter light (~20lx) (Berk, 1995) . Another preference study showed that broilers preferred blue or green light to red or white light (Prayitno et al., 1997) .
Light sources, distribution, and color, as well as the duration of the lighting period can affect broiler flock performance, behavior, and welfare (Kristensen et al., 2007; Mendes et al., 2010) .Behavior is an important variable used to assess animal welfare. Broilers can behave differently under the same light intensity from two different sources that look identical to observers (Prayitno et al., 1997; Kristensen et al., 2007; Gongruttananun & Guntapa, 2012) .
Thermal analysis is a method for identifying variations in environment temperature and broilers heat loss. Thermal images allow mapping the birds' surface temperature and estimating theirbody thermoregulation, and ultimately the well-being of the flock (Aerts et al., 2003) . The ability of birds to dissipate heat decreases as ambient temperature and relative humidity rises above the thermal neutral zone (Yahav et al., 2005; Lin et al., 2006) .
The most common types of lamps used in the Brazilian poultry industry are incandescent, fluorescent, and sodium vapor lamps (Mendes et al., 2010) . Light emitting diodes (LED) allows better uniformity of brightness distribution along the house than other sources of light. In addition, as LED lamps have a longer life than fluorescent light bulbs, the need to change bulbs is reduced (Rozenboim et al., 1999) .
The present study aimed at comparing dark-house lighting using fluorescent and monochromatic light (LED) sources relative to the surface temperature and the behavior of broilers.
METHODOLOGY
The study was conducted in two commercial broiler farms in Itaquiraí, state of Mato Grosso, Brazil, located at latitude 23° 28 '28'' S and longitude 54 ° 11' 06'' W, with a subtropical climate. The broiler houses were built according to the dark-house system, with forced negative ventilation, and were150 m long, 15 m wide, and 3.80 m high. The tiles were made of fiber cement, and black polypropylene was usedas drop-ceiling material. The sidewalls were double: the outside wall was built with cement blocks, and the inner wall was drywall coated with black matte coating. Both houses were equipped with automatic feeders and nipple drinkers.
Two broiler houses were compared: one used fluorescent light source, and the other used LED lamps. The house with fluorescent lamps had manual control of brightness according to the age of the birds, and the house with LED light source had a light intensity automatic controller.The lighting program was applied according to the rearing phase, as follows: 23.0L:1.0D (0-7days old), 18.0L:6.0D (8-21 days old), 20.0L:4.0D (22-35 days old), and 22.0L:3.0D (36-45 days old).
A total of 31,500 Cobb ® 500 broilers (straightrun flocks) were housed in both houses. The rearing environment was automatically controlled in both houses with the set points shown in Table 1 .Birds were managed according to the genetic company's manual (Cobb, 2009 ). 
Data recording
The broiler houses were virtually divided into four quadrants, and data were recorded in the geometric center of each quadrant. Birds' surface temperatures (Ts) were recorded weekly using an infrared thermography camera (Testo® 880 V1.4, Germany) with an accuracy of ± 0.1 ° C and 7.5 spectra of 13 µ. The camera was positioned at a height of 1 m above the birds in order to obtain images that included the entire targeted bird. Surface temperature was recorded in the morning at 10:00 AM. The coefficient of emissivity (ε) adopted was 0.95 for all regions of the bird, as suggested by Cangar et al. (2008) . Twenty-four thermal images of birds were recorded, with six images of two birds per quadrant.
Broiler Surface Temperature and Behavioral Response under Two Different Light Sources
At the same time Ts was recorded, broiler behavior was assessed at 7, 14, 21, 28, 35 and 42 days of the grow-out period. Broiler behavior was assessed using a video camera (Sony ® DCR-TRV330, USA). The video footage was taken of the broilers grouped in approximately 2 m 2 during 10 minutes in each quadrant, totaling 40 minutes per broiler house. Data were recorded for 20 min during the morning, from 8:00 to 9:00 AM, and for 20 min in the afternoon, from 2:00 to 3:00 PM.
Individual behaviors were classified into two categories (normal or abnormal) for analyses. This classification was based on the recommendations of Bizeray et al. (2002) . The movements related to comfort (MC) were eating, drinking, walking, drinking, exploring, scratching, and dust bathing (Table 2) , and were classified as normal or abnormal within each category. Relative to motion discomfort (MD), time budget analysis was performed considering normal and abnormal behaviors.
Data analysis
Ten surface temperature points were selected from the thermal images of each bird, and the average was calculated. These values were tested using the Student's t-test, assuming normality of the data. Data were processed using the online software Vassarstats ® (2014). The Ts variable was analyzed by the software Surfer ® (2010) used to draw geostatistical maps.
Video recordings were performed inside the broiler houses to evaluate the birds' behavior. Hand video cameras were used, and detailed ethogram of the behaviors displayed was built. Direct observations were also performed. The images were obtained during 40 min in each house, being 10 minutes in each quadrant and covering an area of 2m 2 . In total, 104 broilers were observed in the video footage taken at each poultry house.
An ethogram based on Bizeray et al. (2002) was built ( Table 2 ). The following behaviors were recorded: sitting (BS), eating (E), drinking (D), worth exploring (WE), motion discomfort (MD), and scratching (S). Images with behaviors caused by isolated events (external noises, entry of people on the premises, among others) were not considered in the analysis.
Broiler behavior was classified according to theamount of time each behavior was performed during the observation period. The intensity scale used was: very little (1), little (2), normal (3), enough (4), too much (5). Normal (0) and abnormal (1) behaviors were recorded and analyzed. Descriptive analysis was applied to the data using the online statistic software Vassarstat (2014) . The odds ratio was subsequently calculated using the online software Medcalc (2014) , assuming normality of data. When the breast of the bird is in contact with the litter.
Eating or pecking at the feeder.
Drinking water from the drinker.
Exploring the area with the beak.
When the bird explores its territory with its feet and beak, directed to the floor.
Revolving the litter, spreading it on the body or on the floor of the rearing area.
Motion Disconfort Normal and Abnormal
Movements to stretch wings and legs on the same side of the body simultaneously, shaking the feathers and/or flapping.
Adapted from Bizeray et al. (2002) .
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RESULTS AND DISCUSSION
Surface temperature during the initial grow-out phase
The spatial distribution of the broilers' surface temperature (Ts) in both houses during the starterphase (7, 14, and 21 days of age) is shown in Figure 1 . Figure  2 presents the geostatistic maps of surface temperature during the finisher phase (28, 35, and 42 days of age). When birds were 7-d-old, Ts was lower (24 °C) at the entrance end of the house with fluorescent light source (FLU -7) compared with the house with LED. A greater variation was found in the area in themiddle towards the end of the house with LED (35 °C). The values of Ts in the LED house reached 24 °C, and, in general, temperature ranged between 33 °C and 35 °C in the house with fluorescent lighting when broilers were 7-d-old ( Figure  1a ). The mean value of ambient temperature inside the LED house at 7d was 31.0 ± 2 ºC.
The Ts values when broilers were 14 days old in the house with fluorescent lamps (FLU -14) remained lower at the air inletand increased along the house. Inside the house with LED lamps (LED -14),the lowest values Ts were observed in the middle of the house. Ts was higher in the house air inlet (36 °C) than in the outlet (34 -36 °C) (Figure 1b) in the LED house. The mean value of ambient temperature inside the house with LED on day 14 was 29.0 ± 2 ºC.
When broilers were 21 days old, Ts values in the house with fluorescent light source (FLU-21) varied between 24 and 34 °C at the air inlet. In the remainingarea,Ts ranged between 33 and 36 °C.A greater Ts variation was determined in the house with LED light source. The highest Ts values werefound in the middle towards the air outlet (36 °C) (Figure 1c) in the LED house. The mean value of ambient temperature inside the house with LED house was 27.0 ± 2 ºC on day 21.
Surface temperature during the finisher phase
Surface temperature when broilers were 28 days old remained lower in the areas close to the air inlet (24 to 31 °C)than in other areas of the fluorescent-lighted house. The Ts values found inside the LED-lighted house was 27 to 33 °C. Broilers in the other areas of the LED-lighted house presented a homogeneous distribution of Ts. The lower Ts values were determined in thehouse with LED light source (29 to 32 °C). The Ts values found inside the house with the source of fluorescent light (FLU -28) was 30 to 34 °C ( Figure  2a ). The mean value of ambient temperature during this phase inside the house with fluorescent light was 25.0 ± 2 ºC.
Mean surface temperature of 35-d-oldbroilers reared in the house with fluorescent light source was higher than 35°C, while those reared in the house with LED light source was 32 °C. The distribution of Ts in the area near the air outlet of the housewith fluorescent light source(FLU 35) ranged between 24and 32°C. In the house with LED (32°C), the variation was 24 to 29 °C (Figure 2b) . The mean value of ambient temperature inside the house with fluorescent house was 24.0 ± 2 ºC.
The variation in Ts when broilers were 42 days old was lower (27 to 33 °C) in the house with LED light source than in the house with fluorescent light source (24 to 31 °C). In the central area andthe area near the air inlet and outlet, Ts ranged between 27 and 34 °C in the house with fluorescent light source. In the house with LED light source, mean Ts values were24 to34 °C (Figure 2c ). The mean value of ambient temperature inside the house with LED was 23.0 ± 2.0 ºC. Because temperature control was automatic and uniform along the house (Table 1) , the Ts variation detected may have been caused by the birds' movement inside the house.
The variation of surface temperature depends on the interaction between the body heat, body insulation, surface blood circulation, and rearing temperature (Tao & Xin, 2003; Nääs et al., 2010) . As the air temperature of the evaluated houses was controlled (Table 1) , the results of birds' surface temperature were relatively similar in both houses, which were different only as to the light source applied. The homeothermy in broilers is achieved by maintaining core body temperature close to 41.7 °C (Aerts et al., 2003; Amaral et al., 2011) . Studies showed that the differences in broiler surface temperatures are associated with heat loss, as there are physiological changes when homeothermy is affected (Yahav et al., 2005; Cangar et al., 2008) .
The different regions of the broilers' body contribute to a heat exchange, which occurs between the body surface and the surrounding environment (Yahav et al., 2004; Shinder et al., 2007) . Malheiros et al. (2000) reported that skin thermal conductance increases when environmental temperature rises from 20 to 40 °C, causing an increase in peripheral blood flow. This isa key factor in the variation of broiler surface temperature; however, this was not detected in the present study. 
Broiler Surface Temperature and Behavioral Response under Two Different Light Sources
Studies comparing changes in broiler surface temperature suggest that this variation is associated with room temperature or withdietary energy content (Ferreira et al., 2011) . In addition, average broiler Ts is also related with the temperatures of features of the rearing environment, such as side curtains and litter surface temperature (Baracho et al., 2011; Nascimento et al., 2014) .Body surface temperature can vary in the different body parts as the broiler grows, depending on air temperature and the birds' feathering (Nääs et al., 2010) . In the present study, possibly both evaluated broiler houses (with fluorescent and LED light sources) maintained ideal environmental conditions for each phase of the grow-out period. Caneppele et al. (2014) reported that LED lamps are more energy-efficient because of its manufacturing process allows the inclusion of sources emitting light at different wavelength. Rosa & Araújo (2010) commented that the LED is much more efficient from the point of view of energy use than other types of lamp and, therefore, are more affordable to consumers.
Relative to broiler behavior, there were no differences in the number of movements of comfort or discomfort, and normal or abnormal behaviors (p = 0.224) indicating that the behavior of broilers in both houses was similar (Table 3 ). Broilers exposed to different light intensities tend to show differences in some behaviors such as scratching; however, eating and drinking behaviors are not affected by light intensity (Kristensen et al., 2007) . Alvino et al. (2009) found that groups of broilers submitted to the same light intensity showed some degree of synchrony of behaviors and similar levels of inactivity. However, no effect of the light source on any of the evaluated behaviors was found in the present study. The long life and energy savings obtained with the LED light source suggest its use in broiler production.
CONCLUSIONS
Broiler surface temperature in both broiler houses showed great variability, independently of the light source used. The evaluated light sources did not affect the behavior of broilers.
